Thirty two barrows were used in a 2 x 3 factorial arrangement to evaluate the effects of porcine somatotropin (pST) administration (USDA-pGH-B1; 0 and 100/ag-kg BW -I -d -1 ) and feed intake (Fl;ad libitum [A], 1.64 [R1:80% of A] and 1.38 [R2:60% of A] kg/d) on longissimus (LM) muscle fiber characteristics of pigs growing from 25 to 55 kg live weight. The administration of pST resulted in an increase (P < .05) in muscle fiber size (all three fiber types) and shear-force (17.1%). The percentage of muscle fiber types was not affected by pST treatment. Feeding of the diet at restricted levels (R1 and R2) resulted in smaller (P < .05)/3R and aW fibers compared with feeding ad libitum. Pigs with ad libitum access to their diet had fewer aR fibers and more aW fibers in the LM compared with those fed at R1 and R2 levels. Restricted feed intake (R1 and R2) resulted in lower (P < .05) shear-force values compared with ad libitum feeding. The present study indicates that pST administration of young barrows results in an increase in muscle hypertrophy. Restricted FI reduces both transformation from aR to aW fibers and muscle fiber hypertrophy.
I ntroduction
Administration of' exogenous porcine somatotropin (pST) to pigs markedly improves rate and efficiency of body weight gain and results in alterations in carcass qualit 3, as a direct result of the reduction in body fat content with a concomitant increase in muscle mass (Boyd et al., 1986; Ethcrton ctal., 1986 Ethcrton ctal., , 1987 . Therefore, pST represents a technology with promise not only of improving production efficiency but also as a means for packers and retailers 1 Meat Sci. Res. Lab.. Anim. Sci. Inst., ARS. 2Anirn. Res. Inst., Weeribee, Victoria 3030, Australia.
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Received February 24, 1988 . Accepted June 20, 1988 to offer leaner pork products. However, information is lacking on the flexibility of pST technology to alter growth, carcass and muscle characteristics using prevailing management and environmental conditions. Etherton et al. (1987) proposed that the responsiveness to pST improved with an increase in weight, yet the relative rate of muscle deposition is greatest in pigs between birth and 55 kg body weight and diminishes thereafter (Shields et al., 1983) . Administration of pST consisten fly rcduces voluntary appetite (Machlin, 1972; Boy d et al., 1986; Etherton et al., 1987; ., 1988) and, with the exception of the latter study, all reports of pST efficacy have utilized an ad libitum feeding system. Even a slight reduction of voluntary, energy consumption reduces body fat and correspondingly increases muscle mass (Campbell et al., 1985) . This study was undertaken to reconcile the independent and additive effects of feeding level, synony-3279 J. Anim. Sci. 1988. 66:3279-3284 mous with energy intake, and porcine growth (pGH) during the active period of muscle growth as these treatments influence muscle fiber characteristics of pigs.
Materials and Methods
Thirty-four barrows were assigned to a 2 • 3 factorial treatment array at 25 kg live weight consisting of pST administration (USDA-pGII-B1; 0 and 100 /ag*kg BW -1. (Campbell et al., 1988) was formulated to contain 3.5 Meal digestible energy (DE) and 3.4 g lysine:Mcal DE. Access to the diet was at one of two restricted levels of intake or ad libitum. Thc daily feed allowance for the pigs on the restricted feeding trcatments (means of 1.38 and 1.64 kg. pigs -1 od -1 ) was adjustcd weekly according to feeding scales that increased with live weight from .88 and 1.12 kg.pig -1.d -a at 25 kg on the lower and higher feeding treatmcnts, respectivcly, to 1.95 and 2.21 kg*pig -1 .d -1 at 55 kg live weight.
Pigs receiving pST were injected daily (i.m.) with pST (USDA-pGH-B1) solubilized in sterile bicarbonate buffcr. Control pigs were injected daily with bicarbonate buffer. The pigs were housed in individual pens in a barn in which air temperature was maintained at 22~ The pigs were weighed weekly. The following week's daily feed allowance or restricted feeding and total quantity of pST solution or buffer to be injected daily was adjusted accordingly.
Each pig was slaughtered at 55 kg live weight. The longissimus (LM) muscle was excised from the left side of cach carcass (prcrigor) and sampled for subsequent muscle fiber analysis and shear-force determination. Two loin chops (2.5 cm in thickness) were removed from the 10th rib location and vacuum packaged. These chops were kept under refrigeration (2~ through 5 d postmortem and then frozen and stored at -20~ for subsequent shear-force determinations. Chops were thawed and cooked (broiled) to an internal temperature of 75~ using Farberware Open-Hearth broilers (Model 350A). Internal temperature was monitored using iron-constantan thermocouples attached to a recording potentiometer. Chops were allowed to cool to room temperature (25~ before coring. A miminum of five cores (1.27 cm in diameter) was removed from these chops, parallel to the muscle-fiber orientation, for shear-force determinations using a Warner-Bratzler shear device mounted on a Universal Instron Testing Machine (Model 1122).
Samples of the LM from the 12th-rib region of the left side of each carcass were removed within 1 h postmortem and immediately restrained on flat sticks with nylon twine. Muscle samples subsequently were frozen in liquid N. Frozen samples were stored at -70~ until histochemical analyses were performed. A 1-cm 3 fragment of tissue was removed from each frozen sample and mounted on a cryostat chuck with a few drops of water, so that muscle fibers were perpendicular to the cutting blade, and allowed to equilibrate to -20~C. Sections (12/Jm thick)were cut with a microtome s . Sections were treated with the combination myofibrillar (acid) ATPase and succinate dehydrogenase staining procedure described by Solomon and Dunn (1988) .
The stained slides were observed with a Zeiss Standard #16 photomicroscope 6. Fibers were classified according to Ashmore and Doerr (1971) on the basis of stain reaction (/3R, ~R, aWL All fibers inside a bundle containing 50 or fewer fibers were counted and measured for cross-sectional area using a Zeiss Interactive Digital Analysis System 6 as described by Solomon and Montgomery (1988) .
Data were analyzed using the GLM procedure (SAS, 1985) . Age was included as the covariate to determine the significance of variation among treatments for a completely randomized 2 x 3 factorial arrangement. Least squares means were generated using SAS (1985) . When significant (P < .05) main effects were observed, means were separated by Duncan's mean separation technique.
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Results and Discussion
There were no significant interactions between the effects of pST and FI for any of the traits evaluated. Therefore, only the main treatment effects will be discussed. Pigs with ad libi-rum access to feed and receiving pST averaged 99 d of age at slaughter; those receiving bicarbonate buffer (no pST) averaged 102 d of age when slaughtered. Pigs fed the diet at the 1.64 kg/d level and receiving pST were 108 d of age at slaughter, and those not receiving pST were 123~ d of age at slaughter. Pigs fed the diet at the 1.38 kg/d level and receiving pST were 115 d of age at slaughter; those not receiving pST were 126 of age at slaughter. Because of these differences in age, age was used as a covariate in the analysis.
The distribution and areas of muscle fiber types in the LM as affected by pST and FI treatments are shown in Table 1 . The administration of pST had no effect on the percentage distribution to the different fiber types. In a recent study, Beermann et al. (1987) , examining the relationship of pST dose response to skeletal muscle growth, also found that pST did not alter fiber type percentages in the semitendinosus muscle of pigs slaughtered at 100 kg live weight. In this study, the effect of FI was limited to the percentage of aR and aW fibers. Pigs receiving the R1 and R2 diet treatments had more (P < .05) aR fibers and fewer (P < .05) aW fibers than pigs with ad libitum access to feed. Muscle fiber area for ~R and aW fibers also was affected by FI. Restricted feeding reduced (P < .05) the size of ~3R and aW fibers and showed a strong trend for reducing the size of aR fibers. No difference in fiber area was observed between the R1 and R2 levels. Ashmore et al. (1972) evaluated porcine, ovine and bovine muscles histochemically to determine growth patterns and concluded that aR fibers have the capacity to transform into aW fibers. Transformation is concerned primarily with changes in energy-producing enzymes and is accompanied by a rapid increase in fiber size. Furthermore, they suggested that muscle size was directly proportional to the degree to which aR fibers transform into c~W fibers. It would appear, therefore, from the present study that increased feed intake caused a physiological shift from aR to aW fibers. This finding agrees with those of Moody et al. (1980) and Solomon and Lynch (1988) , who studied the effects of diet on ovine muscle.
Porcine somatotropin increased (P < .05) the areas of the three fiber types by an average of 23.8% in the LM. The greatest increase in Ashmore and Doerr (1971) . Photomicrograph having a (• 180) magnification.
CNumber of occurrences in an 8.8-cm • 12.5-cm area, All but one pST-treated pig possessed "giant" fibers (this pig was from the R2 group). None were found in the muscles from non-pST-treated pigs. Data not evaluated for statistical significance, dKilograms/1.27 cm core.
e'fMeans on the same line within a main effect group with different superscripts differ (P < .05).
size was observed for aW fibers (27.6%), followed by a 21.3% increase in fiber size for ctR fibers and 19.5% for ~R fibers. These findings are in agreement with those by Beermann et al. (1987) , who found that pST did not alter fiber type percentages but increased muscle fiber areas by 15 to 16% in the semitendinosus muscle. Their pigs were treated with pST from 45 to 100 kg live weight.
Abnormally large (giant) fibers (Table 1 , Figure 1 ) were detected in the LM from all but one pig receiving pST (from the R2 treatment group). These fibers were distinctly round and were found both at the periphery and toward the center of a fasciculus. Not every bundle contained giant fibers. These giant fibers possessed fiber properties similar t o both /3R and ~R fibers in combination based on reaction to the staining procedure described by Solomon and Dunn (1988) . Their characteristic size, shape and staining pattern enabled their recognition. The giant fibers encountered in the present study were not included in obtaining muscle fiber measurements (i.e., percentages and areas for /3R, ~R and ~W fibers). The presence of "giant" fibers within porcine skeletal muscle has been reported by several researchers (Cassens et al., 1969; Hendricks et al., 1971; Dutson et al., 1978; Handel and Strickland, 1986; Solomon and Eastridge, 1987) . The occurrence of giant muscle fibers has been associated with stress-susceptible pigs, which exhibit pale, soft, exudative (PSE) muscle. In the present study, there was no visual indication of PSE muscle from any of the treatment groups. The giant fiber aberrations observed more likely were a result of increased activity stimulated in occasional muscle fibers as described by Handel a n d Strickland (1986), which causes hypercontractile activity within the fibers and is associated with compensatory (flux) adaptations.
The administration of pST resulted in less tender meat, as evidenced by a 17.1% increase (P < .05) in shear-force values (Table 1) . The effects of feeding at R1 and R2 levels resulted in lower shear-force values compared with feeding ad libitum, indicating that more tender meat was obtained from pigs with lower FI. Prerigor excision followed by cooling of pork muscle (hot boning) has been shown to cause significant toughening of the muscle (Marsh et al., 1972) . This may explain the high shear values observed in the present study. It should also be pointed out that the slaughter weight of the pigs used in this study was 55 kg, which is only half that of normal slaughter-weight pigs. Marsh et al. (1972) stated that the magnitude of increase in pork toughness due to hot boning is remarkably smaller .than that encountered when hot boning beef Or lamb. Therefore, the overall trends for the pST treatment effect on shear-force presumably are consistent with expected results. Jones et al. (1985) found that pigs receiving the beta-adrenergic repartitioning agent cimaterol had greater shear values than controls.
Cold shortening of the muscle from pSTtreated pigs cannot be ruled out as a possible contributor to treatment differences because carcasses from pST-treated pigs were significantly leaner than controls (Campbell et al., 1988) . We have no immediate explanation for higher shear values from pigs with ad libitum vs restricted access to feed. Restricted feeding resulted in leaner carcasses compared with ad libitum feeding (Campbell et al., 1988) , and thus one might have expected results similar to those of the pST treatment. These differences in shear values may have been associated with the differences observed for muscle fiber type percentages and areas. Beermann et al. (1987) proposed that pST induces muscle hypertrophy through satellite cell proliferation, whereas muscle hypertrophy induced via beta-adrenergic repartitioning agents (e.g., cimaterol) does not. Perhaps responses observed for muscle fiber characteristics as a result of dietary alterations (e.g., FI) in the present study are similar to those observed when using beta-adrenergic repartitioning agents. Contrarily, the increase in shear-force for pST-injected pigs more closely resembled results with beta-adrenergic agents.
